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2TEE Total energy expenditure
ACSM American College of Sports Medicine
DLW Doubly labeled water
PAL Physical activity level
RMR Resting metabolic rate
DRI The Dietary Reference Intake







BF Percent of body fat
FFM Fat free mass




RPE Rating of perceived exertion
SED Sedentary activity
LPA Light-intensity physical activity
MPA Moderate-intensity physical activity
VPA Vigorous-intensity physical activity
ICC Intra-class correlation coefficient
CI Confidence interval
AEE Activity-related energy expenditure
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Figure 1-2. PAL for athletes during normal training season
Data are presented as mean ( : male athletes, : female athletes) and SD (horizontal
bars).
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12 sprinters (Yoshida et al., 2013)
9 middle-long distance runners (Yoshida et al., 2012)
10 swimmers (Yoshida et al., 2012)
7 rhythmic gymnasts (Yoshida et al., 2012)
12 lacrosse players (Yoshida et al., 2012)
7 right-weight rowers (Hill et al., 2002)
9 synchronized swimmers (Ebine et al., 2000)
6 gymnasts (Davies et al., 1997)
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Table 2-1. Characteristics of subjects
Data are presented as mean ± SD. Continuous normally distributed variables were
t test, and non-normally distributed variables were compared
with the Mann-Whitney U test (*). Statistical significance was set at p < 0.05.
Age (yrs)* 19.6 ± 0.8 21.0 ± 0.4 < 0.001
BH (cm) 160.7 ± 4.3 158.9 ± 4.7 0.360
BW (kg) 48.9 ± 4.8 56.0 ± 4.6 0.002
BMI (kg/m2) 18.9 ± 1.2 22.2 ± 1.7 < 0.001
BF (%) 18.2 ± 3.6 22.5 ± 2.6 0.004
FFM (kg) 37.1 ± 2.8 39.0 ± 2.1 0.086
RMR (kcal/day) 1119 ± 195 1219 ± 167 0.213
TEE (kcal/day) 2798 ± 247 2901 ± 280 0.372






Table 2-2. Duration, amount, and intensity of each daily behavior assessed by the DLW
method and accelerometry
Values are median (25th 75th percentile). The amount (MET h) was calculated by
multiplying the duration (hours) by the intensity (MET). Variables were compared
using the Mann-Whitney U test. Statistical significance was set at p < 0.05. The
intensity of sleep was fixed at 1.0 MET.
Duration (min/day)
(224 - 483) (148 - 208)
(514 - 770) (738 - 829)
(391 - 411) (426 - 465)
Intensity (METs/day)
(4.4 - 5.5) (4.9 - 8.5)
(1.5 - 1.7) (1.6 - 1.7)
Amount (METs h/day)
(18.8 - 38.6) (14.6 - 22.7)
(14.7 - 20.0) (20.1 - 22.9)































Table 2-3. Fraction of the duration and amount of different intensities of non-training
PA assessed by accelerometry
Values are mean ± SD. No significant differences between sporting categories were
2-test analysis.
Duration (%min/day)
SED 60.4 ± 9.7 56.4 ± 4.4
LPA 32.3 ± 7.4 36.3 ± 4.8
MPA 7.1 ± 2.8 7.0 ± 1.8
VPA 0.2 ± 0.3 0.2 ± 0.3 0.946
Amount (%METs h/day)
SED 42.0 ± 10.3 38.1 ± 4.2
LPA 41.5 ± 6.4 45.6 ± 5.4
MPA 15.6 ± 5.3 15.3 ± 3.8
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Table 3-1-1. Comparisons of EE during training evaluated by Flex-HR method and
activity record based on the factorial method by direct observation at different intervals
* vs. Flex-HR method performed by Wilcoxon signed-rank test
Median 25th - 75th p value*
Flex-HR method (kcal/session) 1108 355 - 1190
Activity record based on the factorial method (kcal/session)
1min 1081 596 - 1234 0.409
5min 1084 609 - 1233 0.505
10min 1057 577 - 1264 0.619
15min 1193 673 - 1272 0.076
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Table 3-1-2. Characteristics of female endurance runners
Data are presented as mean ± SD and range of values (min. max.).
Mean ± SD min. - max.
Age (yrs) 20 ± 1 19 - 21
BH (cm) 161.2 ± 4.5 156.3 - 172.1
BW (kg) 47.9 ± 4.2 44.3 - 59.0
BMI (kg/m2) 18.4 ± 1.2 16.8 - 20.0
BF (%) 15.7 ± 2.9 10.5 - 19.0
FFM (kg) 40.8 ± 3.0 37.5 - 48.3
VO2max (mL/kg/min) 54.8 ± 2.6 50.3 - 58.9
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Figure 3-1-1. Relationship between training EE obtained by Flex-HR method and that
by RPE-based activity record
A significant positive correlation between two methods (r = 0.892, p < 0.001) was
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Logarithmic EE assessed by
Flex-HR method (kcal/session)
51
Figure 3-1-2. Bland-Altman plot shows the differences in estimated EE during training
session between Flex-HR method and RPE-based activity record
No relation between average logarithmic EE and difference logarithmic EE (r = 0.121, p
= 0.205) was confirmed by Pearson product-moment correlation coefficient.
Average logarithmic EE between Flex-HR method and

















Figure 3-1-3. Relationship between MET values obtained by Flex-HR method and those
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Table 3-2-1. Characteristics of female endurance runners (n=8)
Data are presented as mean ± SD and range of values (min. - max.).
Mean ± SD
Age (yrs) 20 ± 1 19 - 21
BH (cm) 160.0 ± 2.2 157.0 - 162.6
BW (kg) 46.7 ± 2.4 44.3 - 50.2
BMI (kg/m2) 18.3 ± 1.2 16.8 - 20.0
BF (%) 15.6 ± 2.3 11.8 - 18.4
FFM (kg) 39.8 ± 1.7 37.5 - 43.0
VO2max (mL/kg/min) 54.1 ± 2.3 50.3 - 57.7
Range
73
Table 3-2-2. Total and different intensities of EE during training, non-training PA and
sleep evaluated by the combined method
The data are presented as mean ± SD.
Training EE was estimated by the RPE-based activity record.
EE of non-training PA was evaluated by accelerometry.
Sleeping EE was calculated as individual RMR per minute multiplied by the duration of
sleep.
1310 ± 316 1216 ± 244 425 ± 50
SED (kcal/day) 22 ± 13 357 ± 83
LPA (kcal/day) 2 ± 5 475 ± 161
MPA (kcal/day) 48 ± 44 237 ± 84








Table 3-2-3. Comparisons of estimated TEE, AEE and PAL between the DLW method
and the combined method
Data are presented as mean ± SD, ICCs, and 95% CIs. **p < 0.01
TEE (kcal/day) 3032 ± 344 3033 ± 495
Estimation error (%) -0.2 ± 8.8
ICC
(95% CI) (0.248 - 0.953)
AEE (kcal/day) 1585 ± 303 1586 ± 442
Estimation error (%) -0.5 ± 15.0
ICC
(95% CI) (0.398 - 0.966)
PAL 2.68 ± 0.37 2.68 ± 0.48
Estimation error (%) -0.2 ± 8.8
ICC
(95% CI) (0.235 - 0.952)
















Table 3-2-4. Relationships of TEE estimation error with total and different intensities
EE during training and non-training PA evaluated by the combined method
product-moment correlation coefficients and p values.
Training
Total 0.725 0.042
SED - 0.504 0.203
LPA - 0.515 0.192
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Table 4-1. Characteristics of female endurance runners (n=8)
Data are presented as mean ± SD and range of values (min. - max.).
Mean ± SD
Age (yrs) 20 ± 1 19 - 21
BH (cm) 160.0 ± 2.2 157.0 - 162.6
BW (kg) 46.7 ± 2.4 44.3 - 50.2
BMI (kg/m2) 18.3 ± 1.2 16.8 - 20.0
BF (%) 15.6 ± 2.3 11.8 - 18.4
FFM (kg) 39.8 ± 1.7 37.5 - 43.0
VO2max (mL/kg/min) 54.1 ± 2.3 50.3 - 57.7
TEE (kcal/day) 3032 ± 344 2679 - 3689
RMRsupine (kcal/day) 1144 ± 143 912 - 1297
PAL 2.68 ± 0.37 2.16 - 3.23
Range
90
Table 4-2. Duration and amount of different intensities for each PA component
evaluated by the combined method
Data are presented as mean ± SD.
Training
Total 172 ± 25 28.3 ± 7.1
SED 14 ± 8 0.5 ± 0.3
LPA 1 ± 2 0.1 ± 0.1
MPA 11 ± 10 1.0 ± 0.9
VPA 109 ± 19 26.8 ± 7.7
Non-training
Total 752 ± 94 21.4 ± 2.9
SED 317 ± 66 6.3 ± 1.3
LPA 235 ± 59 8.3 ± 2.1
MPA 67 ± 21 4.2 ± 1.5
VPA 3 ± 2 0.5 ± 0.4
Sleep







Table 4-3. Correlation of PAL calculated from the DLW method and the duration or
amount of different intensities for each PA component estimated by the combined
method
r) and p values (p).
Training
Total 0.077 0.855 0.805 0.016
SED - 0.078 0.854 - 0.046 0.913
LPA - 0.403 0.323 - 0.403 0.323
MPA - 0.729 0.040 - 0.693 0.057
VPA 0.475 0.234 0.819 0.013
Non-training
Total - 0.061 0.886 - 0.028 0.948
SED - 0.176 0.677 - 0.178 0.673
LPA 0.483 0.225 0.464 0.247
MPA - 0.193 0.646 - 0.263 0.528
VPA - 0.414 0.308 - 0.425 0.294
Sleep
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